Introduction
Herbicidal formulations used in paddy fields in Japan have historically been mainly granules and f lowable. Granules are usually applied by hand or with a granule applicator in the amount of 30kg/ha. Many attempts have been made at labor saving in herbicide application, for example, the amount of formulation applied has been reduced by increasing the content of active ingredient in granules13). Herbicide application amount in Japan is based on an area of 10a; therefore, granules applied at 10kg/ha are called '1kg granules' in this study. This type of granule can be conveniently applied from a levee with a power granule applicator which saves labor. Granules applied at 30kg/ha are referred to here as '3kg granules'.
The number of 1kg granules in a unit area on the surface of a paddy field is naturally smaller than that of 3kg granules. Decrease in the number affects herbicidal efficacy6). It is important that the active ingredient be diffused uniformly for reliable control. The dispersion of several diphenylether herbicides1,17) and pyrazolate14) affects herbicidal efficacy. Formulation type3,4) and physical properties5) are also important for herbicidal efficacy.
We tried to produce granules of naproanilide [2-(2-naphthyloxy) propionanilide] to be applied at an amount of 1kg/10a. Because the herbicidal properties of naproanilide were well studied, we selected this compound as a test compound for a formulation trial. The water solubility of naproanilide is 0.74ppm at 27C, which is not enough for effective diffusion in water when formulated into 1kg granules by the usual recipe. This compound is similar to diphenylether herbicides in respect to low water solubility17). Naproanilide is hydrolyzed to NOP, its active form, by soil bacteria and by several plants9,12). Pyrazolate15) is also hydrolyzed to a destosylpyrazolate, DTP, in paddy water which is the active form. Both herbicides have a common chemical property in the sense that they are hydrolyzed in water to produce the active form.
Thus, the herbicidal efficacy of naproanilide granules changes according to its formulation type as shown in diphenylether herbicides1,17) and pyrazolate16). We reported that herbicidal efficacy of naproanilide 1kg granules2) was the same as that of 3kg granules. That was attributed to high release of the active ingredient in the 1kg granules. The purpose of this study is to prove that Fat Co., Ltd) and 62% calcium carbonate was granulated through a screen after kneading with water. Granule diameter was 0.7mm (Formulation No. GR-7) and 1.2mm (Formulation No. GR-12). The other type of high release granule containing 30% naproanilide, 8% NK WG-2, 31% sodium hydrogencarbonate and 31% tartaric acid was granulated through a screen after kneading with methanol. The diameter of the granules was 0.7 mm (Formulation No. BGR-7) and 1.2mm (Formulation No. BGR-12). Ordinary 10% naproanilide granule was used as the 3kg granule.
Naproanilide release from granules in water Thirty milligrams of GR-7, GR-12, BGR-7 and BGR-12 or 90mg of 3kg granules were applied into 400ml water (hardness 3 degrees) in a deep petri dish (O 9cm) at 25C under dark conditions. Five milliliters of the water was collected with pipettes at 3cm under the surface at 10min, 0.5, 1, 3, and 5hr after application and extracted twice with dichloromethane after adjusting pH to 1.0. The extracts were dried with anhydrous Nat SO4, filtered and concentrated in vacuo. The concentrate was dissolved in methanol, and 
Results and Discussion
Naproanilide release from the granules in water at the early period is shown in Fig. 1 This was due to the bubbling effect which caused instantaneous dispersion of the formulation. The dispersion of GR-7 and GR-12 which contain no bubbling agent was inferior to that of BGRs. therefore, the concentration of the compounds in water to which they had been added was lower than that of BGRs.
Concentration in the water with the 3kg granules was the lowest. The difference in diameter had little influence on naproanilide release. BGR-7 (O 0.7mm) showed slightly higher naproanilide release than BGR-12 (O 1.2mm), while GR-7 (O 0.7mm) and GR-12
(O 1.2mm) showed a similar release profile. In each high release granule, the concentration of naproanilide decreased slightly within 1hr after application. The water solubility of naproanilide is 0.74ppm but the concentration in water applied with high release granules exceeds this. This is because floating particles of this compound, which were not dissolved were also analyzed.
The change of naproanilide concentration in water in a greenhouse experiment is shown in Fig. 2 . The concentration of BGR-7 and BGR-12 sharply increased up 3.3 and 2.5ppm whitin 10min after application, respectively, then decreased to 1.0ppm in a day. The decrease is mainly caused by the naproanilide adsorption and sedimentation to the soil (data not shown); thereafter the concentration decreased to 0.2ppm 4 days after application. GR-7 and GR-12 showed similar behavior to BGRs, although the concentration was considerably lower. Difference in the diameter of these granules did not affect the naproanilide concentration. Naproanilide concentration in water applied with 3kg granules was the lowest among those tested during the test period.
As shown in Fig. 3 , NOP concentration in water gradually increased and reached the highest level at 3 days after application of BGRs and GRs. Concentration of the BGRs was higher than that of the GR-7 and GR-12 throughout the experimental period. The concentration of NOP in water applied with 3 kg granules also gradually increased for 6 days after application. This means that for- Figure 4 shows the herbicidal efficacy of these samples against Sagittaria pygmaea Miq. Naproanilide dosage for 90% growth inhibition (ID90) values were larger than usual, because granules were applied at 3-4 leaf stage of this weed which was a little late.
Herbicidal efficacy of the 5 samples decreased in the order of BGR-7, BGR-12, GR-12, GR-7, 3kg
granules. The correlation coefficient between log10 (naproanilide concentration) each time in Fig. 2 and the ID90 value in Fig. 4 was -0.814 -0.963. This indicates that high release granules are effective for weed control. A larger amount of the dissolved naproanilide is absorbed into the weed through the leaves when the concentration in water is high. This compound is then hydrolyzed to NOP in the plant8,11,12) and exerts its herbicidal efficacy. The correlation coefficient between log10 (NOP concentration) 1-4 days after application in Fig. 3 and the ID90 value in Fig. 4 was -0.816 -0.868, and that of 5-8 days was -0.628 -0.749.
NOP concentration in water is more strongly related to the herbicidal efficacy early than later. Unlike naproanilide, the order of NOP concentration among formulations at early periods was different from that at late periods. In particular, the concentration with 3kg granules was the lowest 1-3 days after application, but it was the third highest among the 5 formulations 6 days after application. Even if NOP concentration increases later days as 3kg granules, the herbicidal efficacy is low. This indicates that NOP concentration in the early period is more influential on the efficacy. There was a relationship between the concentration change of pyrazolate active ingredient in paddy water and herbicidal efficacy16). As shown in these examples, herbicide concentration in water and its change are important factors for efficacy.
In conclusion, it is thought that the high release granules used in this study are formulations which are efficacious when applied at the rate of 10kg/ha, and that granules which show greater release of active ingredient into water are more effective.
